
Specification

Title of the Invention

[0001] Optical Communication Device

Background of the Invention

[0002] The present invention relates to an optical

communication device that transmits modulated laser beam

through an optical fiber for data transfer.

[0003] An optical communication device generally

includes a laser diode for emitting a laser beam modulated

in accordance with data to be transferred and a converging

lens for converging the laser beam on an entrance face of

an optical fiber connected to the optical communication

device. In order to efficiently transmit the laser beam

through the optical fiber, the laser beam should be

converged on the center of the core of the optical fiber's

entrance face. This requires very precise positioning of

the laser diode and the converging lens against the optical

fiber since the core of the optical fiber has a diameter of

only a few micrometers while the laser beam has a diameter

of about 10 mircometers.

[0004] A conventional method for positioning the laser
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diode and the converging lens against the optical fiber is

disclosed in Japanese Patent Provisional Application No.

HE I 6-94947. According to the method disclosed, the light

amount of the laser beam passed through the optical fiber

is detected. The optical fiber is moved relative to the

laser beam until the detected light amount becomes its

maximum value. When the detected light amount indicates its

maximum value, it is determined that the laser beam emitted

from the laser diode impinges on the center of the optical

fiber's core.

[0005] However, since it is difficult to visually

distinguish the core of the entrance face of the optical

fiber from the cladding, the position of the laser diode

relative to the optical fiber must be first adjusted by

trial and error until the laser beam enters the core of the

optical fiber and can be detected on the other end of the

optical fiber. This process is troublesome and time

consuming.

[0006] After the positioning against the optical fiber

is achieved, the laser diode and the converging lens are

fixed in the optical communication device by an adhesive,

for example. However, since the adhesive contracts during a

hardening process thereof, the proper alignment of the

laser diode, the converging lens, and the optical fiber can

be lost due to the contraction of the adhesive, which, in
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turn, may cause low production efficiency of the optical

communication device

.

[0007] Further, even if the laser diode and the

converging lens are fixed at their proper positions by

adhesive, the positions thereof relative to the optical

fiber may change with age and cause poor optical coupling

between the laser diode and the optical fiber.

[0008] Therefore, there is a need for an optical

communication device by which the laser diode and the

optical fiber can be optically coupled in a short time.

[0009] Further, there is also a need for an optical

communication device that is capable of keeping the optical

coupling between the laser diode and the optical fiber in a

good condition over an extended time period.

Summary of the Invention

[0010] The present invention is advantageous in that an

optical communication device that satisfies the above-

mentioned needs is provided.

[0011] An optical communication device according to an

aspect of the invention includes a light source that emits

a light beam for transmitting data, and an optical fiber

that has an entrance face through which the light beam

emitted from the light source enters the optical fiber. The
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entrance face has a core region and a cladding region . The

reflectivity of the cladding region is increased compared

to that of the core region at least in a vicinity of the

core region by, for example, forming a mirror surface

coating on the cladding region by evaporation.

[0012] A beam spot moving mechanism moves a beam spot

formed by the light beam emitted from the light source on

the entrance face of the optical fiber in first and second

directions

.

[0013] The optical communication device further includes

a light detector having a light receiving surface for

detecting a light amount of the light beam reflected by the

entrance face of the optical fiber. The light receiving

surface is divided into multiple light detecting areas.

[0014] A controller controls the beam spot moving

mechanism to adjust light amounts detected by the light

detecting areas to have a predetermined ratio. For example,

the controller controls the beam spot moving mechanism so

that the light amounts detected by the light detecting

areas become the same.

[0015] Since the position of the light beam incident on

the entrance face of the optical fiber is detected based on

the light reflected by the entrance face, it is not

necessary for the optical communication device arranged as

above to introduce the light beam through the optical fiber
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by trial and error before beginning fine adjustment of the

light beam incident position on the optical fiber.

Accordingly, the optical communication device can optically

couple the light source to the optical fiber in a short

time

.

[0016] Further, in the optical communication device

arranged as above, the condition of the optical coupling

between the light source and the optical fiber can be

checked and re-adjusted also during the use of the optical

communication device by detecting the incident position on

the optical fiber of the light beam carrying data to be

transmitted. Accordingly, the optical communication device

can keep the optical coupling between the light source and

the optical fiber in a good condition over an extended time

period.

[0017] Further, since the entrance face of the optical

fiber is configured so that the cladding region thereof has

higher reflectivity than the core region at least in a

vicinity of the core region, the light detector can receive

from the cladding region a large amount of light and

thereby enhance the accuracy of detecting the incident

position of the light beam on the entrance face of the

optical fiber. The accurate detection of light beam

incident position allows, in turn, the optical

communication device to accurately adjust the incident

5



position of light beam on the optical fiber.

[0018] Optionally, the light receiving surface may be

divided into four light detecting areas by two boundary

lines passing through a center of the light receiving

surface, and the controller may control the beam spot

moving mechanism to adjust light amounts detected by the

light receiving surface on both sides of the first boundary

line to have a first predetermined ratio and light amounts

detected on both sides of the second boundary line to have

a second predetermined ratio.

[0019] Further optionally, the light detector may be

arranged such that a beam spot formed on the light

receiving surface by the light beam reflected by the

entrance face of the optical fiber moves along the first

and second boundary lines as the beam spot moving mechanism

moves the beam spot formed on the entrance face of the

optical fiber in the first and second direction,

respectively

.

[0020] Alternatively, the light detector may be arranged

such that a beam spot formed on the light receiving

surfaces by the light beam reflected by the entrance face

of the optical fiber moves along lines bisecting corners

formed between the first and second boundary lines as the

beam spot moving mechanism moves the beam spot formed on

the entrance face in the first and second direction.
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[0021] Optionally, each of the light detecting areas may

have an inner zone and an outer zone arranged to receive

the light beam reflected at the core region and the

cladding region, respectively, and each of the light

detecting areas may have a higher sensitivity at the inner

zone than at the outer zone so that the light beam

reflected by the core region, which has lower reflectivity

than the cladding region, can be also detected accurately.

[0022] Further optionally, the light amount received by

a given one of the light detecting areas is obtained from

the following equations,

L = A + aB

a = a/b

where L represents the light amount received by the given

one of the light detecting areas, A and B represent the

light amount received by the outer and inner zones of the

given one of the light detecting areas, respectively, and a

and b represent the sensitivity of the inner and outer

zones , respectively

.

[0023] Optionally, the beam spot moving mechanism may

include a first converging lens that converges the light

beam emitted from the light source on the entrance face of

the optical fiber and an actuator that moves the first

converging lens in the first and second directions.

[0024] Optionally, the optical communication device may
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further include a second converging lens that converges the

light beam reflected at the entrance face of the optical

fiber on the light receiving surface of the light detector.

The light receiving surface of the light detector and the

entrance face of the optical fiber may be arranged so that

they are conjugate with respect to the second converging

lens to increase the contrast of a beam spot formed on the

light receiving surface of the light detector by the laser

beam reflected by the entrance surface of the optical fiber,

[0025] According to another aspect of the invention, a

device for optically coupling a light source to an optical

fiber is provided, which includes a holder that holds the

optical fiber so that a light beam emitted from the light

source impinges on an end face of the optical fiber, a

detector that detects displacement of an incident position

of the laser beam on the end face of the optical fiber from

a predetermined position on the end face based on the light

beam reflected by the end face; and an adjuster that

adjusts the incident position of the light beam on the end

face of the optical fiber based on an output from the

detector,

[0026] According to still another aspect of the

invention, a method for positioning a light incident on an

entrance face of an optical fiber in an optical

communication device for transmitting data through the
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optical fiber is provided. This method includes, detecting

light reflected at the entrance face of the optical fiber

by a light detector having a light detecting surface

divided into a plurality of light amount detecting areas by

a plurality of boundary lines each passing through a center

of the light detecting surface, and positioning light

incident on the entrance face of the optical fiber so that

the light amount detecting areas detect light amounts in a

predetermined ratio.

Brief Description of the Accompanying Drawings

[0027] Fig. 1 schematically illustrates a configuration

of an optical communication module according to an

embodiment of the invention;

[0028] Fig. 2 schematically illustrates a configuration

of a light receiving surface of a light detector provided

to the optical communication module shown in Fig. 1;

[0029] Figs. 3A, 3B, and 3C show examples of positions

of a beam spot formed on the light receiving surface of the

light detector;

[0030] Fig. 4 shows a relation between a beam spot

position on the light receiving surface and a difference of

light amount detected on each half of the light receiving

surface;
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[0031] Fig. 5 schematically illustrates an end face of

an optical fiber;

[0032] Fig. 6 shows a variation of the optical

communication module shown in Fig. 1; and

[0033] Figs. 7, 8, and 9 schematically illustrate other

variations of the optical communication module shown in Fig.

1.

Detailed Description of the Embodiments

[0034] Hereinafter, an optical communication module 10

according to an embodiment of the present invention will be

described with reference to the accompanying drawings.

[0035] Fig. 1 schematically illustrates a configuration

of the optical communication module 10 according to the

embodiment of the invention. The optical communication

module 10 according to the present embodiment can be

utilized, for example, as an optical network unit (ONU)

that connects a terminal such as a subscriber ' s computer

with an optical fiber network. The optical communication

module 10 is designed with a wavelength division

multiplexing (WDM) technology that transports bi-

directional signal over a single optical fiber. The optical

communication module 10 utilizes light of which wavelength

is 1.3 \xm for transmitting data and light of which
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wavelength is 1.5 \xm for receiving data.

[0036] As shown in Fig. 1 # the optical communication

module 10 is provided with a laser diode LD, a first

converging lens 2 , a second converging lens 4 , a light

detector 5, a controller 6 and an actuator 7.

[0037] The laser diode LD is a light source generating

the light for data transmission. The laser diode LD emits a

laser beam that is modulated in accordance with data to be

transmitted over an optical fiber 3 connected to the

optical communication device 10.

[0038] The first converging lens 2 is placed on the

optical path of the laser beam emitted from the laser diode

LD, and converges the laser beam on an end face, or

entrance face 3a, of the optical fiber 3.

[0039] A part of the laser beam incident on the entrance

face 3a of the optical fiber 3 enters the optical fiber 3

and transmits therethrough to a receiving device, while the

remaining part of the laser beam is reflected by the

entrance face 3a.

[0040] The entrance face 3a of the optical fiber 3 is

formed obliquely against the center axis 12 of the optical

fiber 3, and the optical fiber 3 is held by a fiber holding

mechanism 8 of the optical communication module 10 so that

the entrance face 3a is inclined against the laser beam

incident thereon and reflects the laser beam toward the
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light detector 5.

[0041] The entrance face 3a of the optical fiber 3 has a

core region 3c and a cladding region 3b corresponding to

the core and cladding of the optical fiber 3, respectively.

In the present embodiment, the center of the core region 3c

coincides with the center of the entrance face 3a. The

cladding region 3b is provided with a mirror surface

coating 3d formed by means of evaporation, for example,

substantially over the whole area thereof. The mirror

surface coating 3d is provided on the cladding region 3b in

order to enhance the reflectivity thereof and thereby

improve the accuracy of light amount detection of the light

detector 5.

[0042] The second converging lens 4 is placed between

the entrance face 3a of the optical fiber 3 and the light

detector 5 so that the entrance face 3a and a light

receiving surface 5a of the light detector 5 are conjugate

with respect to the second converging lens, and so that the

center of the entrance face 3a and the center of the light

receiving surface 5a are on the optical axis of the second

converging lens 4

.

[0043] The laser beam reflected by the entrance face 3a

is converged on the light receiving surface 5a and forms a

beam spot thereon. The light detector 5 detects the

position of that beam spot. Since the entrance face 3a and
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the light receiving surface 5a are conjugate with respect

to the second converging lens 4 , the beam spot has a high

contrast and this high contrast of the beam spot allows the

light detector 5 to detect the position of the beam spot

accurately.

[0044] The light detector 5 outputs a signal

corresponding to the position of the beam spot on the light

receiving surface 5a to the controller 6 which controls the

actuator 7.

[0045] The actuator 7 adjusts the position of the first

converging lens 2 within an adjustment plane that is

perpendicular to the optical axis of the first converging

lens 2. In the present embodiment, the actuator 7 is

arranged to move the first converging lens 2 in two

directions, i.e. x and y directions, that are orthogonal to

each other and parallel to the adjustment plane. Note that

when the first converging lens 2 is moved within the

adjustment plane, a beam spot formed on the entrance face

3a of the optical fiber 3 by the laser beam incident

thereon also moves on the entrance face 3a. Thus, the

incident position of the laser beam on the entrance face 3a

can be adjusted by adjusting the position of the first

converging lens 2 within the adjustment plane.

[0046] The actuator 7, and hence the position of the

first converging lens 2, is controlled by the controller 6
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in accordance with the signal received from the light

detector 5. The controller 6 controls the position of the

first converging lens 2 so that the laser beam impinges on

the entrance face 3a substantially at the center thereof.

[0047] In the present embodiment, the light receiving

surface 5a of the light detector 5 is divided into a

plurality of areas so that the light detector 5 can

determine the position of the beam spot formed on the light

receiving surface 5a. Fig. 2 schematically illustrates the

configuration of the light receiving surface 5a of the

light detector 5.

[0048] As shown in Fig. 2, the light receiving surface

5a is divided in four light detecting areas Z 1# Z 2 , Z 3 , and

Z 4 by first and second boundary lines 20 and 22. In the

present embodiment, the light receiving surface 5a has a

round shape. The first and second boundary lines 20 and 22

are orthogonal to each other and pass through the center of

the round light receiving surface 5a. Accordingly, the

light receiving surface 5a is divided in quarters by the

first and second boundary lines 20 and 22. It should be

noted, however, that dividing the light receiving surface

5a into equal parts is not essential for the present

embodiment. The light receiving surface 5a may also be

divided into non-equal parts by non-orthogonal boundary

lines

.
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[0049] The light detector 5 is placed in the optical

communication module 10 such that the beam spot formed by

the laser beam on the light receiving surface 5a moves

along the first boundary line 20 , or in X direction, when

the first converging lens 2 is moved in the x direction by

the actuator 7 to adjust the incident position of the laser

beam on the entrance face 3a, and such that the beam spot

on the light receiving surface 5a moves along the second

boundary line 22 , or in Y direction, when the first

converging lens 2 is moved in the y direction.

[0050] Each of the light detecting areas Z x , Z 2 , Z 3 , and

Z 4 includes an outer zone (ZOi, Z02 , Z03 , Z04 ) and an inner

zone (ZIi, ZI 2 , ZI 3 , ZI 4 ). The outer (ZOi, Z02 , ZOa , Z04 ) and

the inner zones (ZI 1# ZI 2 , ZI 3 , ZI 4 ) are arranged such that

the laser beam reflected by the cladding region 3b of the

entrance face 3a impinges on the outer zones (ZOi, Z02 , Z03 ,

Z04 ) while the laser beam reflected by the core region 3c

impinges on the inner zones (ZIi, ZI 2 , ZI 3 , ZI 4 ).

[0051] It should be noted that the intensity of the

laser beam incident on the inner zones (ZI X , ZI 2 , ZI 3 , ZI 4 )

is smaller than that of the laser beam incident on the

outer zones (ZOi, Z02 , Z03 , Z04 ) since the core region 3c of

the entrance face 3 is not provided with a mirror surface

coating and hence the reflectivity thereof is smaller than

that of the cladding region 3b. Therefore, in order to
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accurately detect the light amount of laser beam reflected

by the core region 3c , the light detecting areas (Z 1# Z 2 , Z 3 ,

Z 4 ) are arranged such that the inner zones (ZIi, ZI 2 , ZI 3 ,

ZI 4 ) have higher sensitivity than the outer zones (ZOi, Z02 ,

Z03 , Z04 ). In the present embodiment, the sensitivity of

the inner zones and outer zones are adjusted so that the

ratio of the inner zone sensitivity to the outer zone

sensitivity coincides with the ratio of the reflectivity of

the optical fiber's entrance face 3a at the cladding region

3b to that at the core region 3c.

[0052] The light detector 5 determines the light amount

of the laser beani incident on each light detecting area (Z lw

Z 2 , Z 3 , Z 4 ) based on the following equations:

L± = A± + aB ± (1)

a = a±/bi (2)

where L± represents the total light amount of the laser

beam incident on the i-th light detecting area, Ai and B±

respectively represent the light amount of the laser beam

incident on the outer and inner zones of the i-th light

detecting area. at and b± respectively represent the

sensitivity of the inner and outer zones of the i-th light

detecting area.

[0053] The light detector 5 outputs data indicating the

light amounts L± detected by each light detecting area (Zi,

Z 2 , Z 3/ Z 4 ) to the controller 6. The controller 6 determines
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whether or not and in which direction the beam spot formed

on the light receiving surface 5a of the light detector 5

is displaced from the center of the light receiving surface

5a in each of the X and Y directions.

[0054] Specifically, the light detector 5 determines

whether the beam spot is displaced in the X axis direction

from the difference between the light amounts incident on

one side of the second boundary line 22 and on the other

side thereof. In the present embodiment, the difference

between the above-mentioned light amounts, Lx , can be

determined based on the following equation:

Lx = (Lx + L 3 ) - (L 2 + L 4 ) (3)

where, Li, L 2 , L 3 , and L 4 represent the light amounts of the

laser beam incident on the light detecting areas Z i# Z 2 , Z 3 ,

and Z 4 , respectively.

[0055] Assuming that a positive X direction is right and

a negative X direction is left in Fig. 2, Lx having a

positive value indicates that the beam spot is displaced in

the negative X direction from the center of the light

receiving surface 5a. On the contrary, Lx having a negative

value indicates that the beam spot is displaced in the

positive X direction from the center of the light receiving

surface 5a.

[0056] The displacement of the beam spot in the Y axis

direction is determined from the difference between the

17



light amounts incident on one side of the first boundary

line 20 and on the other side thereof, which can be

obtained from the following equation:

Ly = (L 3 + L 4 ) - (L x + L 2 ) (4)

[0057] Assuming that a positive Y direction is up and a

negative Y direction is down in Fig. 2, Ly having a

negative value indicates that the beam spot is displaced in

the positive Y direction from the center of the light

receiving surface 5a. On the contrary, LY having a positive

value indicates that the beam spot is displaced in the

negative Y direction from the center of the light receiving

surface 5a.

[0058] Figs. 3A, 3B, and 3C show examples of the

positions of the beam spot formed on the light receiving

surface 5a of the light detector 5 by the laser beam

reflected by the entrance face 3a of the optical fiber 3.

The broken line in each of Figs. 3A, 3B, and 3C, indicates

the boundary between the inner zones (ZIi, ZI 2 , ZI 3 , ZI 4 )

and the outer zones (ZOi, Z02 , Z03 , Z04 ) . The diagonally

shaded areas PI, P2 , and P3 indicate the beam spot formed

on the light receiving surface 5a.

[0059] In Fig. 3A, the beam spot PI, or the incident

position of the laser beam, is displaced from the center of

the light receiving surface 5a in the negative X direction.

On the contrary, in Fig. 3B, the beam spot P2 is displaced
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from the center of the light receiving surface 5a in the

positive X direction. Note that, both beam spots PI and P2

are not displaced from the center of the light receiving

surface 5a in the Y direction. Fig. 3C illustrates the beam

spot P3 formed by the laser beam incident on the center of

the light receiving surface 5a.

[0060] As previously described, the entrance face 3a of

the optical fiber 3 and the light receiving surface 5a of

the light detector 5 are conjugate with respect to the

second converging lens 4. Accordingly, the position of each

beam spots PI, P2, and P3 on the light receiving surface 5a

corresponds to the position on the entrance face 3a on

which the laser beam is incident . The beam spot P3 being on

the center of the light receiving surface 5a indicates that

the laser beam impinges on the entrance face 3a of the

optical fiber at the center thereof, or the center of the

core region 3c. The beam spot PI and P2, both displaced

from the center of the light receiving surface 5a, indicate

that the position of the laser beam incident on the optical

fiber's entrance face 3a is displaced from the center

thereof

.

[0061] Fig. 4 shows the relation between the beam spot

position on the light receiving surface 5a in the X

direction and the light amount difference Lx obtained from

equation ( 3 )

.
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[0062] When the beam spot is displaced in the negative X

direction from the center of the light receiving surface 5a,

the laser beam impinges more on the light detecting areas

Zi and Z 3 than on the light detecting areas Z 2 and Z 4 ,

resulting in (Li+L 3 ) >(L 2+L 4 ) and hence a positive value of

Lx .

[0063] On the contrary, when the beam spot is displaced

in the positive X direction from the center of the light

receiving surface 5a, the light amount difference Lx

indicates a negative value since the laser beam impinges

more on the light detecting areas Z 2 and Z 4 than on the

light detecting areas Zi and Z 3 .

[0064] Further, when the beam spot has the center

thereof on the second boundary line 22, such as the beam

spot P3 of Fig. 3C, the light amount difference Lx becomes

zero

.

[0065] When the light amount difference Lx takes a

positive value, which indicates a displacement of the beam

spot in the negative X direction from the center of the

light receiving surface 5a, the controller 6 drives the

actuator 7 to move the first converging lens 2 in the x

direction so that the beam spot on the light receiving

surface 5a of the light detector 5 moves in the positive X

direction until the light amount difference Lx becomes zero.

With this, the displacement of the beam spot in the
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negative X direction can be eliminated.

[0066] For example, when the beam spot is located at

position PI as shown in Fig. 3A, the laser beam is incident

only on the light detecting areas Z x and Z 3 and not on the

light detecting areas Z 2 and Z 4 . Thus, (L 2+L 4 ) is zero and

hence the light amount difference Lx takes its maximum

value as shown in Fig. 4. In this case, the controller 6

controls the position of the first converging lens 2 so

that the beam spot on the light receiving surface 5a moves

in the positive X direction until the light amount

difference Lx becomes zero, or the beam spot is located at

position P3 shown in Fig. 3C.

[0067] When the light amount difference Lx takes a

negative value, which indicates a displacement of the beam

spot in the positive X direction from the center of the

light receiving surface 5a, the controller 6 moves the

first converging lens 2 so that the beam spot on the light

receiving surface 5a moves in the negative X direction

until the light amount difference Lx becomes zero. With

this, the displacement of the beam spot in the positive X

direction can be eliminated.

[0068] For example, when the beam spot is located at

position P2 as shown in Fig. 3B, the laser beam is incident

only on the light detecting areas Z 2 and Z 4 and not on the

light detecting areas Z x and Z 3 . Thus, (Li+L 3 ) is zero and
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hence the light amount difference Lx takes its minimum

value as shown in Fig. 4. In this case, the controller 6

controls the position of the first converging lens 2 so

that the beam spot on the light receiving surface 5a moves

in the negative X direction until the light amount

difference Lx becomes zero, i.e., until the beam spot is

located at position P3

.

[0069] The position of the beam spot on the light

receiving surface 5a in the Y direction is adjusted based

on the light amount difference LY obtained from equation

(4) in a similar manner as described above in connection

with the X direction. That is, when the light amount

difference LY takes a positive value (i.e., (L 3+L 4 ) >(Li+L 2 ) ) ,

the controller 6 controls the position of the first

converging lens 2 so that the beam spot on the light

receiving surface 5a moves in the positive Y axis direction

until the light amount difference Ly becomes zero. On the

contrary, if the light amount difference LY indicates a

negative value (i.e., (

L

3+L 4 ) < ( Li+L 2 ) ) , the controller 6

moves the first converging lens 2 so that the beam spot on

the light receiving surface 5a moves in the negative Y axis

direction until the light amount different Ly becomes zero.

[0070] When the position of the beam spot on the light

receiving surface 5a is adjusted such that both of the

light amount differences Lx and LY are zero, the beam spot
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is located at the center of the light receiving surface 5a,

and thus the laser beam emitted from the laser diode LD

impinges on the center of the entrance face 3a of the

optical fiber, or the center of the core region 3c.

[0071] As described above, the position of the beam spot

on the light receiving surface 5a of the light detector 5

is controlled by a negative feedback process that operates

so as to make each of the light amount differences Lx and

LY zero. This negative feedback process allows the optical

communication module 10 to adjust the incident position of

the laser beam on the entrance face 3a of the optical fiber

3 at the center of the core region 3c automatically and

accurately.

[0072] It should be noted that although the adjustment

of the position of the beam spot on the light receiving

surface 5a in the X direction and in the Y direction has

been separately described, the adjustment is carried out

simultaneously in the X and Y directions in the actual

optical communication module 10.

[0073] It should be also noted that the above-mentioned

adjustment of the incident position of the laser beam on

the entrance face 3a of the optical fiber is carried out

not only at the time of tuning-up the optical communication

module 10 just after it is produced, but also whenever the

optical communication module 10 is in communication by
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utilizing the laser beam being modulated in accordance with

data to be transmitted. Accordingly, in the optical

communication module 10 according to the present embodiment,

the optical coupling efficiency between the laser diode and

the optical fiber does not decrease with age.

[0074] While the invention has been described in detail

with reference to a specific embodiment thereof, it would

be apparent to those skilled in the art that various

changes and modifications may be made therein without

departing from the spirit of the invention.

[0075] For example, the position of the beam spot on the

light receiving surface 5a of the light detector 5 may be

adjusted by comparing the light amounts detected at each

light detecting area (Z lf Z 2 , Z 3 , Z 4 ) and moving the beam

spot so that those light amounts become equal to each other.

This can be achieved, for example, in the following manner.

First, the light amounts L x and L 2 detected by the light

detecting areas Z x and Z 2 , respectively, are compared and

the position of the beam spot is adjusted by moving the

first converging lens 2 so that the light amounts Li and L 2

become equal. Then, the same process is carried out at

least for the light detecting areas Z 2 and Z 3 , and, for the

light detecting areas Z 3 and Z 4 .

[0076] Further, although the light detector 5 in the

embodiment described above is arranged such that the beam
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spot on the light receiving surface 5a moves along the

first and second boundary lines 20 and 22 as the first

converging lens 2 is moved in x and y directions,

respectively, the light detector 5 may also be arranged

such that the beam spot moves along lines that are inclined

against the first and second boundary lines 20 and 22 as

the first converging lens is moved in the x and y

directions. For example, the light detector 5 may be

arranged such that the beam spot moves along lines each

inclined against the first and second boundary lines 20 and

22 at an angle of 45 degrees. This arrangement provides the

advantage that the light amounts detected by the light

detecting areas arranged diagonally opposite to each other

in the light detector 5 can be adjusted to the same by

simply moving the first converging lens in the x or y

direction

.

[0077] Further, although the light detector 5 in the

embodiment described above is located such that light

receiving surface 5a thereof and the entrance face 3a of

the optical fiber 3 are conjugate with respect to the

second converging lens 4 , the light detector 5 may also be

located such that the light receiving surface 5a and the

entrance face 3a are not conjugate with respect to the

second converging lens 4

.

[0078] In the embodiment described above, the light
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detector 5 is configured so that all outer zones (ZOi, Z0 2 ,

Z03 , Z04 ) of the light receiving surface 5a have the same

sensitivity and also so that all inner zones (ZIi, ZI 2 , ZI 3 ,

ZI 4 ) have the same sensitivity. However, the outer zones

(ZOi, Z02 , Z03 , Z04 ) may have different sensitivity to each

other and the inner zones (ZIi, ZI 2 , ZI 3 , ZI 4 ) may also have

different sensitivity to each other. Even in such cases,

the beam spot position can be estimated based on the

detection of the light detector 5 by taking into account

the sensitivity of each outer zones (ZOi, Z02 , Z03 , Z04 ) and

each inner zones (ZIi, ZI 2 , ZI 3 , ZI 4 ) .

[0079] In the embodiment described above, the mirror

surface coating 3d for enhancing the reflectivity is

provided on the entrance face 3a of the optical fiber 3

substantially over the whole cladding region 3b. However,

if the fiber holding mechanism 8 reliably holds the optical

fiber 3 so that the laser beam emitted from the laser diode

LD impinges on the entrance face 3a in a vicinity of the

core region 3c, the mirror surface coating 3d may be formed

only in the vicinity of the core region 3d in an annular

shape, as shown in Fig. 5, instead of over the entire

cladding region 3b.

[0080] In the embodiment described above, the

sensitivity of the inner zones (ZI X , ZI 2 , ZI 3 , ZI 4 ) of the

light detector's light receiving surface 5a is increased
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compared to the sensitivity of the outer zones (ZOi, Z02 ,

Z03 , Z04 ) in order to detect the laser beam reflected by

the core region 3c of the optical fiber's entrance face 3a,

which is not provided with the mirror surface coating 3d.

However, if the inner zones can accurately detect the laser

beam reflected by the core region 3c of the entrance face

3a , it is not necessary to increase the sensitivity of the

inner zones. In this case, the equations for obtaining the

light amount incident on the ith light detecting area Zi

(i=l, 2, 3, 4), i.e. equations (1) and (2), may be modified

as followings

:

Li = A± + pBi (5)

P = d/c (6)

where c and d respectively represent the reflectivity at

the core region 3c and cladding region 3b (or mirror

surface coating 3d) of the optical fiber's entrance face 3a.

[0081] In the embodiment described above, the position

of the laser beam incident on the entrance face 3a of the

optical fiber 3 is adjusted by moving the first converging

lens 2. The incident position of the laser beam, however,

may be adjusted by any other suitable methods. For example,

the incident position of the laser beam may be adjusted by

moving the laser diode LD.

[0082] Alternatively, the incident position of the laser

beam may be adjusted by one or more transmissive light
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deflectors placed between the laser diode LD and the

optical fiber 3. One example of the transmissive light

deflectors is a pair of variable angle prisms 24 arranged

as shown in Fig. 6. That is, one of the variable angle

prisms 24 is located between the laser diode LD and the

first converging lens 2 and the other one between the first

converging lens 2 and the optical fiber 3. One of the

variable angle prisms 24 controls the direction of the

laser beam in the x direction and the other one in the y

direction

.

[0083] It should be noted that, instead of the

arrangement shown in Fig. 6, the pair of the variable angle

prisms 24 may also be disposed such that both of them are

placed between the laser diode LD and the first converging

lens 2, or between the first converging lens 2 and the

optical fiber 3

.

[0084] It should be also noted that, the pair of the

variable angle prisms 24 shown in Fig. 6 may be replaced

with a single prism unit or a single optical element that

functions alike the pair of variable angle prisms 24.

[0085] Fig. 7 schematically illustrates a configuration

of an optical communication module 200 which is a variation

of the optical communication module 100 shown in Fig. 1.

[0086] In the optical communication module 200 shown in

Fig. 7, the laser diode LD and the first converging lens 2
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are so arranged that the laser beam reflected back by the

entrance face 3a of the optical fiber 3 travels along the

optical path of the laser beam incident on the entrance

face 3a.

[0087] A light deflector 202 is disposed on the optical

path of the laser beam between the first converging lens 2

and the optical fiber 3. The deflector 202 allows the laser

beam traveling toward the optical fiber 3 to pass

therethrough but deflects the laser beam reflected by the

entrance face 3a of the optical fiber 3 toward the light

detector 5. The laser beam deflected by the light deflector

202 is converged by the second converging lens 4 on the

light receiving surface 5a of the light detector 5.

[0088] The light deflector 202 includes a beam splitter

204 and a quarter-wave plate 206 attached on a side of the

beam splitter 204 facing the entrance face 3a of the

optical fiber 3. The laser beam traveling from the laser

diode LD to the optical fiber 3 passes through the beam

splitter 204, and hence a half mirror 204a of the beam

splitter 204, and then the quarter-wave plate 206 which

rotates the plane of polarization of the laser beam by 45

degrees

.

[0089] Then the laser beam impinges on the entrance face

3a of the optical fiber 3. A part of the laser beam is

reflected back by the entrance face 3a. The reflected laser
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beam travels back toward the light deflector 202 and passes

through the quarter-wave plate 206 for the second time.

Thus, the plane of polarization of the laser beam is

rotated by another 45 degrees and the total rotation angle

of the polarization plane becomes 90 degrees.

[0090] Next, the laser beam strikes the half mirror 204a

of the beam splitter 204. Since the polarization plane of

the laser beam is rotated by 90 degrees, the laser beam can

not pass through the half mirror 204a but is reflected

toward the light detector 5. Thus, the light detector 5 can

receive the laser beam reflected by the entrance face 3a of

the optical fiber 3 and detect the position of the laser

beam incident on the entrance face 3a.

[0091] It should be noted that the configuration of the

optical communication module 200 other than that mentioned

above is substantially the same as that of the optical

communication module 100 shown in Fig. 1.

[0092] Fig. 8 schematically illustrates a configuration

of an optical communication module 210 which is a further

variation of the optical communication module 200 shown in

Fig. 7. In the optical communication module 210, the light

deflector 202 is disposed between the laser diode LD and

the first converging lens 2 instead of between the first

converging lens 2 and the optical fiber 3. This arrangement

is advantageous in that the second converging lens 4 is not
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necessary and can be eliminated.

[0093] Note that the configuration of the optical

communication module 210 shown in Fig. 8 is substantially

the same as that of the optical communication module 200

shown in Fig. 7 except the above.

[0094] Fig. 9 schematically illustrates a configuration

of an optical communication module 220 which is another

variation of the optical communication module 200 shown in

Fig. 7. The optical communication module 220 shown in Fig.

9 has substantially the same configuration as the optical

communication module 200 except the followings.

[0095] In the optical communication module 220, an

additional collimator lens 222 is disposed between the

laser diode LD and the first converging lens 2, which

collimator lens 222 converts the diverging light beam

emitted from the laser diode LD into a parallel light beam.

[0096] The light deflector 202 is disposed between the

collimator lens 222 and the first converging lens 2. Thus,

in the optical communication module 220, the laser beam

emitted from the laser diode LD is first collimated by the

collimator lens, passed through the light deflector 202,

and then converged by the first converging lens 2 on the

entrance face 3a of the optical fiber 3. Then, a part of

the laser beam is reflected by the entrance face 3a, passed

through the first converging lens 2, and then deflected by
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the light deflector 202 toward the second converging lens 4

which converges the laser beam on the light receiving

surface 5a of the light detector 5.

[0097] The present disclosure relates to the subject

matter contained in Japanese Patent Application No. P2002-

320864, filed on November 5, 2002, which is expressly

incorporated herein by reference in its entirety.
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